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Abstract
Filarial lymphedema is complicated by frequent episodes of dermatolymphangioadenitis (DLA). Severe systemic
symptoms during attacks of DLA resemble those of septicemia. The question we asked was whether bacterial isolates
can be found in the peripheral blood of patients during the episodes of DLA. Out of 100 patients referred to us with
‘filarial’ lymphedema 14 displayed acute and five subacute symptoms of DLA. All were on admission blood
microfilariae negative but had a positive test in the past. Blood bacterial isolates were found in nine cases, four acute
(21%) and five subacute (26%). In 10 acute cases blood cultures were found negative. Six blood isolates belonged to
Bacilli, four to Cocci and one was Sarcina. To identify the sites of origin of bacterial dissemination, swabs taken from
the calf skin biopsy wounds and tissue fluid, lymph and lymph node specimens were cultured. Swabs from the calf
skin biopsy wound contained isolates in nine (47%) cases. They were Bacilli in nine, Cocci in three, Acinetobacter and
Erwinia in two cases. Tissue fluid was collected from 10 patients and contained Bacilli in four (40%) and
Staphylococci in three (30%). Lymph was drained in four patients and contained isolates in all samples (100%). They
were Staphylococcus epidermis, xylosus and aureus, Acinetobacter, Bacillus subtilis and Sarcina. Three lymph nodes
were biopsied and contained Staphylococcus chromogenes, xylosus, Enterococcus and Bacillus cereus. In six cases the
same phenotypically defined species of bacteria were found in blood and limb tissues or fluids. In the ‘control’ group
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of patients with lymphedema without acute or subacute changes all blood cultures were negative. Interestingly, swabs
from biopsy wound of these patients contained isolates in 80%, tissue fluid in 68%, lymph in 70% and lymph nodes
in 58% of cases. In healthy controls, tissue fluid did not contain bacteria, and lymph isolates were found only in 12%
of cases. This study demonstrates that patients with acute episodes of DLA reveal bacteriemia in a high percentage
of cases. Diversity of blood and tissue bacterial isolates in these patients points to a breakdown of the skin immune
barrier in lymphedema and subsequently indiscriminate bacterial colonization of deep tissues and spread to an blood
circulation. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction
Filarial lymphedema of extremities affects ac-
cording to the World Health Organization tens of
millions of inhabitants of the Third World. The
pathomechanism of development of lymphedema
remains unclear and treatment of lymph stasis
and subsequent tissue fibrosis as well as recurrent
inflammatory complications is little effective. The
clinical picture of filarial lymphedema of lower
extremities caused by Wuchereria bancrofti or
Brugia malayi is composed of actually or previ-
ously diagnosed microfilaremia, progressive
swelling of the limb and recurrent episodes of
‘filarial fever’ (Pani et al., 1990; Ottesen, 1993).
Typical features of ‘filarial fever’ are malaise,
followed by fever and chills, and appearance of
acutely swollen, warm and tender skin of the
lymphedematous extremity, tenderness along the
calf and thigh superficial lymphatics, and enlarged
painful inguinal lymph nodes. As the acute pro-
cess begins in the skin and spreads along the
lymphatics to the lymph nodes we call this condi-
tion dermatolymphangioadenitis, DLA (Ol-
szewski, 1996a). It is not certain whether DLA in
filarial patients is of filarial or bacterial etiology
(Ottesen, 1993; Addis et al., 1994; Olszewski and
Jamal, 1994; World Health Organization, 1994).
It may be produced by intercurrent microbial
infections, immunological mechanisms or expo-
sure to infective mosquito bites. Administration
of antibiotics evidently sharply reduces the fre-
quency rate of DLA episodes (Olszewski, 1996b).
The frequency of episodic DLA is directly related
to the stage of lymphedema, and does not depend
on the presence or absence of microfilariae (Pani
et al., 1995; Olszewski, 1996a). Skin biopsy speci-
mens taken from the lymphedematous extremity
during the acute episodes of DLA reveal typical
pictures of inflammatory reaction with dense
mononuclear cell infiltrates (Olszewski et al.,
1993).
The high recurrence rate of DLA may be due to
activation of bacterial strains residing in tissues
and tissue fluid of the lymphedematous extremity
(Olszewski et al., 1997).
The question we asked was whether the acute
attacks of DLA are accompanied by bacteriemia
and if so which species and strains of bacteria can
be isolated from peripheral blood and tissue fluid,
lymph and lymph nodes of the lymphedematous
extremity. The results were compared with those
from patients in the chronic stage of filarial
lymphedema without acute symptoms and the
control healthy individuals.
2. Materials and methods
2.1. Patients
One hundred patients with filarial lymphedema,
among them 19 with presently acute or recently
experienced (within the last 2 weeks) DLA and 81
in a chronic stage without acute symptoms were
studied. There were 49 males and 51 females, aged
18–62 years, in stages 0–IV (Olszewski, 1991a) of
chronic lymphedema of lower limbs. In the group
with DLA the symptoms were warm, painful and
swollen skin of the extremity, tenderness along the
vessels in the thigh, in some painful enlarged
inguinal lymph nodes, and fever. All patients were
on admission blood microfilariae negative but had
a positive test in the past. Patients did not receive
antibiotics for at least 72 h prior to the collection
of bacteriological specimens.
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The study was approved by the local ethical
committees and the WHO:TDR.
2.2. Healthy controls
The control groups consisted of 30 healthy
subjects (local medical personnel) for control
blood cultures, and 16 for cultures of tissue fluid
and lymph.
2.3. Collection of specimens for bacteriological
cultures
All specimens were collected by the same sur-
geon, under strictly sterile conditions, in the oper-
ating room. The results of bacteriological assays
were evaluated by two independent bacteriolo-
gists. Batches of all instruments and materials
used for collection of the specimens were tested
for sterility prior to their use in the study.
2.4. Blood
Blood samples were taken from cubital vein,
after three consecutive desinfections of the skin
with alcohol-iodine swabs, into 10 ml syringes.
Another needle was then attached to the syringe,
and the blood was injected into two Hemoline
medium bottles.
2.5. Skin biopsy wound swab and tissue edema
fluid
Skin was desinfected 3-times with an alcoho-
liodine swab, allowed to dry, and covered with
sterile Tegaderm adhesive foil. An incision was
made and a swab placed in the wound for 1 min,
which was then transferred to the transport
medium. Tissue fluid spontaneously filling the
wound was collected in patients with accumulated
free fluid (mostly stage II and III) in sterile sy-
ringes and 2–5 ml injected into bottles containing
Hemoline medium (bioMerieux, France). Control
swabs were taken from the desinfected skin and
surface of the scalpel prior to the collection of
tissue fluid so as to exclude these potential sources
of contamination.
2.6. Lymph
Through the above described incision, a superfi-
cial lymph vessel draining the skin of the foot and
lower part of calf was exposed and cannulated in
patients with patent (nonobliterated) lymphatics
with a sterile siliconized polyethylene cannula (1.6
O.D, 1.1 I.D) (Adams Clay, USA) (Olszewski,
1991b). The cannula was inserted into the vessel
in a retrograde fashion and lymph was collected
in sterile test-tubes containing 0.1 ml of heparin
(Novo, Denmark) without preservative. The col-
lection period lasted for 6–24 h. Five millilitres of
lymph were transferred to Hemoline media.
2.7. Lymph node
Briefly, a wet swab was taken from the skin of
the inguinal fossa region. Then, skin was desin-
fected with alcohol-iodine solution, dried, and
covered with sterile Tegaderm adhesive foil. In-
cison was made and another swab taken from the
wound. A 55 mm biopsy of lymph node was
taken, placed in transport medium, and homoge-
nized prior to culture.
2.8. Culture media
The following media were used: Hemoline liq-
uid medium (bioMerieux, France), Columbia
Blood Agar Base enriched with 5% sterile defibri-
nated sheep blood, Mac Conkey’s agar, Chap-
man’s agar, Sabouraud’s agar (Malt agar) and
BHI (Brain Heart Infusion) (all Difco, USA).
2.9. Identification of bacterial strains
All specimens were incubated at 37°C and ex-
amined at 24 and 48 h for aerobic and anaerobic
bacterial growth. In cases there was no anaerobic
growth, further cultures for anaerobic growth
were established. Tissue fluid, lymph and venous
blood were placed in Hemoline medium and
lymph nodes in BHI medium and examined every
day for 14 days. Isolates were identified by stan-
dard procedures using the Api identification sys-
tem (bioMerieux, France). The aerobic cocci of
the Micrococcaccae family were identified using
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the Api-Staph system. Bacteria of Streptococcac-
cae family were identified with Api 20 Strep.
Gram-negative rods were identified using Api
20E. Gram-positive spore-forming bacilli-Bacillus
spp. were identified by evaluating the fermenta-
tion of sugars or polyalcohols.
The sensitivity of isolated bacterial strains to
antibiotics was examined using the ATB system
(bioMerieux, France).
3. Results
3.1. Pre6alence of isolates in patients with acute
or recently experienced DLA
Blood isolates were found in nine out of 19
patients (47%), four with severe DLA and five
with recent acute episode (Table 1). Ten patients
with acute symptoms had negative blood cultures.
Among the isolates Bacilli were cultured from six,
Cocci from four and Sarcina from one specimens
(Table 2). Swabs from skin biopsy wounds re-
vealed presence of isolates in nine cases (47%)
with Bacilli in nine, Cocci in three, cinetobacter
and Erwinia in two specimens. Tissue fluid was
available only in patients with accumulation of
free fluid under the dermis and in subcutis and
lymph in those with non-obstructed lymphatics
technicaly suitable for cannulation. Tissue fluid
obtained from 10 patients contained isolates in six
(60%). Four strains of Bacilli and three of Staphy-
locci were found. Lymph samples were collected
from four patients and contained bacteria in all
(100%). There were four strains of Cocci and one
of Bacilli, Acinobacter and Sarcina. Lymph node
biopsy specimens were obtained from three pa-
tients and contained bacteria in all (100%), with
two strains of Cocci, one Enterococcus and three
of Bacilli. In six patients isolates of the phenotyp-
ically same species or strains and sensitivity to
antibiotics were found in blood and limb tissues
or fluids. Staphylococci with identical antibi-
ogrammes (sensitivity to penicilin G, oxacillin,
kanamycin, tobramycin, gentamycine, minocy-
cline, erythromycin, lincomycin, quinolones 2nd
yen, cotrimoxazole, methicillin) were found in
blood and tissue fluid, lymph or lymph nodes in
two, Bacilli in three, and Micrococcus in 1
patient.
3.2. Pre6alence of isolates in patients in chronic
stage without recent episodes of DLA
Blood cultures were performed in 71 patients
and in all cases were found negative (Table 1).
Swabs from skin biopsy wound contained bacteria
in 80%, tissue fluid in 68%, lymph in 70% and
lymph nodes in 58% of specimens (Table 1).
Bacilli were cultured from skin biopsy wound
swabs in 77%, tissue fluid in 57%, lymph in 61%,
lymph node in 9% of specimens and Cocci in 23,
43, 39 and 91%, respectively.
Table 1
Prevalence of bacterial isolates from specimens obtained from swollen limbs and blood of 100 patients with ‘filarial’ lymphedema
during the acute episode of DLA and in the chronic stage
Specimen Number of specimens
Acute DLA (n19) Chronic stage (n81)
% PositivePositiveTotal% PositivePositiveTotal
19Biopsy wound 479 68 55 80
10 6Tissue fluid 60 35 24 68
4 4 100Lymph 20 14 70
Lymph 173 7 583 100
19 47 71 0 0Blood 9
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Table 2
Bacterial isolates from blood, tissues and fluids of limbs with filarial lymphedema during or immediately after the acute episode of
dermatolymphangioadenitis (DLA)
Stage of Origin of bacterial isolatesPatient
lymphedema
Blood Biopsy wound Tissue fluid Lymph Lymph node
Acute episode
B. pumilis 0a1 NDbII ND ND
B. badius B. lentus B. lichenIII ND2 ND
B. lichen
III:IV3 Staph. xylosus 0 ND ND Staph. xylosus
B. cereus B. cereus NDII ND4 ND
Aerococcus Erwinia
Staph. lentus
II:III5 0 0 ND Staph. aureus ND




0 B. subtil7 0IV ND B. cereus
Acinetobacter
III8 0 0 ND ND B. cereus
0 Microcccus lu-III:IV 09 ND ND
teus
10 0II B. subtilis 0 ND ND
0 B. saprophiticus NDII ND11 ND
Micrococ spp.
B. badius
0 0 B. coagulansIII ND12 ND
B. subtilis
Staph. hominis
I13 0 0 ND ND ND
14 0II 0 Staph. epidermidis ND ND
Recent episode
B. coagulans 015 0II:III Staph. epidermidis ND
16 Staph. xylosusIII B. badius ND ND ND
B. firmus B. licheniformis
III17 Micrococ. spp. 0 B. firmus ND ND
II:III18 B. lentus B. coagulans ND Staph. xylosus N
Staph. epidermidis
B. subtilis
Sarcina 0 NDII:III Sarcina19 ND
a 0, no isolates detected.
b ND, not done; no free fluid in biopsy wound; no indications for lymphatic cannulation and lymph node biopsy.
3.3. Pre6alence of isolates in healthy ini6iduals
In healthy controls, blood and wound swab
cultures were negative in all cases. In two out of
16 lymph samples (12%) bacterial isolates were
found. These were Micrococcus spp. and
Acinetobacter.
3.4. Sensiti6ity of bacterial isolates to antibiotics
Bacilli from all sources were found most sus-
ceptible to gentamycin, tetracycline, rifampicin,
vancomycin, kanamycin and cotrimoxazol, and
less to penicillin. Cocci revealed a similar qualita-
tive pattern of sensitivity to the tested antibiotics.
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There were no differences in sensitivity to an-
tibiotics of strains obtained from the acute DLA
and chronic stage groups.
4. Discussion
This study revealed a high prevalence of bacte-
rial isolates from peripheral blood in patients with
acute or recently experienced DLA episodes. In
patients with lymphedema without DLA recur-
rency, blood cultures were negative, although in
both groups, with or without acute DLA episodes
the tissue fluid, lymph and lymph nodes of the
lymphedematous extremities contained bacteria in
around 70% of investigated cases. In the healthy
subjects tissue fluid swabs were found sterile in all
cases and lymph samples revealed presence of
bacteria only in two out of 16 cases (12%). Here
we should also refer to our European group of 40
volunteers, in whom all leg lymph samples col-
lected over days remained sterile (unpublished).
Our concept is that lymph stasis in limbs of
Indian patients with filarial lymphedema and ex-
posure to a highly contaminated environment pre-
dispose to bacterial colonization of skin and
penetration of microbes to deeper tissues and the
lymphatics of the extremities. Moreover, the colo-
nizing bacteria may, under certain conditions
(skin microtrauma, insect bite), become activated
and find their way from tissues and fluids of the
limb to the blood circulation. The similarities in
phenotypes and sensitivity to antibiotics of blood
and tissue fluid, lymph and lymph node isolates in
some cases point to the possibility of such a
pathway of bacterial spread. Similarities of the
bacterial genome would certainly be more objec-
tive and allow to draw conclusions.
The question arises as to whether the isolates,
usually residents of normal skin surface, could be
considered as pathogens, once they have pene-
trated epidermis and lodged in dermis, subcutis,
lymphatics and lymph nodes. Most of literature
information on this problem originates from stud-
ies on pathogens isolated in cases of erysipelas
and cellulitis, where coagulase-positive Staphylo-
cocci, Streptococci, and anaerobes predominate
(Hook et al., 1986; Kielhoer et al., 1988; Newell
and Norden, 1988 Duvanel et al., 1989; Sig-
urdsson and Gudmundsson, 1989). The strains as
coagulase-negative S. aureus, Streptococcus beta
group A,B,D, S. epidermidis, Corynebacterium
spp., Bacillus spp., and Prioprionibacterium spp.
are clasically considered to be contaminants (Du-
vanel et al., 1989; Marples et al., 1990). However,
these strains may become virulent in the immuno-
compromized tissues. The tissues with chronic
lymph stasis are immunocompromized due to the
impaired transport away of bacterial, viral and
other antigens penetrating the epidermis. There is
also inhibition of the process of recirculation and
decreased capillary filtration of immune proteins
(Olszewski and Engeset, 1990). Such tissues may
easily be colonized by bacteria physiologically
residing on the epidermis and penetrating it dur-
ing microinjuries of the foot and calf. Once in the
tissues, bacteria may evoke inflammatory reac-
tion, which could be naturally controlled in a
normal but not in a lymphedematous tissue. The
strains considered before as saprophites become
virulent due to the changes in their environment.
This applies to S. epidermidis which can cause
sepsis and shock (Zierdt, 1983; Hedin, 1993; Bur-
chard et al., 1984). Coagulase-negative Staphylo-
cocci and Bacterioides can be a cause of
bacteriemia during skin surgery (Carmichael et
al., 1993). The Bacilli are significant residents of
skin depending on individual differences in skin
nutrients, microclimate, and inhibiting substances
of host or resident flora origin (Bibel et al., 1978).
They were found on the toe webs and calf skin of
all Indian patients. Although not much is known
about their virulence in tissues, they can produce
major systemic disturbances (Bibel et al., 1978).
Bacillus species have been documented as causes
of meningitis, septicemia, osteomyelitis and eye
infections. Recently, bacterial products of Staphy-
lococci coined superantigens have been shown to
be responsible for recurrent skin inflammation
(Leung et al., 1993; McFadden, 1995; Skov,
1995). The superantigens activate T-cells, and
cause cytokine release and mast cell degranula-
tion. An unanswered question remains which fac-
tors may provoke the existing flora to become
virulent.
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The basic question arises whether the identified
microorganisms could be responsible for the acute
episodes of DLA. Strong evidence supporting this
view comes from the positive results of blood
cultures during the attacks of DLA. Positive
blood cultures were reported by Hook in acute
cutaneous cellulitis (Hook et al., 1986). A low
number of cases with acute DLA and positive
blood cultures does not allow to draw firm con-
clusions. However, since blood cultures were neg-
ative in all cases of chronic lymphedema and
positive only during acute episodes of DLA, the
concept of cultured coagulase-negative staphylo-
cocci and bacilli as responsible for acute skin
changes and bacteriemia seems to find its justifica-
tion. Local acute inflammatory changes either
preceded or accompanied detected bacteriemia.
Differentiation of the phenotypes of certain bacte-
rial strains within a species may be difficult. This
applies among others to bacilli and also some
coagulase-negative staphylococci. Thus, from the
clinical point of view of most importance remains
whether bacteriemia is caused by bacilli or
saprophite stapylococci in general, not focusing
upon their subtypes. More insight into the prob-
lem of identity of skin and blood cultured bacteria
would give application of genetic studies of
strains. Interestingly, in our recent studies of ge-
nomic DNA, we found identical restrictive DNA
pattern of S. epidermidis obtained from the toe
skin and lymph nodes (unpublished). Chronic
bacterial colonization of deep tissues in obstruc-
tive lymphedema has been proved (Olszewski et
al., 1997), however, what causes sudden prolifera-
tion and spread of microorganisms remains still
unknown. We observed recurrent episodes of
acute DLA mostly after physical injury of
lymphedematous skin (superficial abrasion, long-
distance marching).
Taken together, our studies clearly show that
foot and calf skin and subcutaneous tissue, tissue
fluid, lymph and lymph nodes are colonized by
bacteria which are occasionally spread to the
blood circulation. The systemic symptoms ob-
served during acute DLA episode may depend on
the presence of bacteria in blood, however, in
some cases with acute changes in the limb bac-
teriemia could not be documented. Diversity of
blood and tissue bacterial isolates points to the
breakdown of the skin immune barrier in the
lymphedematous limbs and subsequently indiscri-
mate colonization of deep tissues and spread to
blood circulation. The question of what stimulates
tissue-residing bacteria to proliferate and to evoke
local and systemic reactions in patients with filar-
ial lymphedema remains unclear.
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